We find that the IIA Matrix models defined on the non-compact C 3 /Z 6 , C 2 /Z 2 and C 2 /Z 4 orbifolds preserve supersymmetry where the fermions are on-massshell Majorana-Weyl fermions. In these examples supersymmetry is preserved both in the orbifolded space and in the non-orbifolded space at the same time. The Matrix model on C 3 /Z 6 orbifold has the same N = 2 supersymmetry as the case of C 3 /Z 3 orbifold, whose particular case was previously pointed out. On the other hand the Matrix models on C 2 /Z 2 and C 2 /Z 4 orbifold have a half of the N = 2 supersymmetry. We further find that the Matrix model on C 2 /Z 2 orbifold with parity-like identification preserves N = 2 supersymmetry both in the orbifolded space and non-orbifolded space, and furthermore has N = 4 supersymmetry parameters in the total space.
Introduction
The dynamics of an extended objects, D-branes [1] , where duality plays an impotant role, can be described in terms of the dimensionally reduced Supersymmetric Yang-Mills (SYM) Theory [2] . In particular, the dynamics of the simplest pointlike D-particles may play the fundamental role in 11d super-membrane theory [3] , [4] . The dynamics of D-particles is supposed to be described by the SYM theory dimensionally reduced to one temporal dimension, that is the quantum mechanics of the SUSY Matrix model. The bosonic fields are described by the coodinates consisting of N D-particles. The bosonic and fermionic fields are represented by N × N hermitian matrices.
The 11d M-theory compactified on a simple orbifold space, S 1 /Z 2 , was shown to be connected with the 10d E 8 × E 8 heterotic string theory [5] . While the 6d compactification on the Calabi-Yau manifold from 10d heterotic string theory was given by [6] , and the compactification on the orbifold was given in [7] , [8] , [9] .
The type IIA Matrix model on the orbifold spaces are explicitly compactified by [10] , [11] , [12] , [13] , [14] , and others. The Matrix models on the non-compactified orbifold spaces are demonstrated in [15] , [16] .
We have supersymmetric Matrix model on C 3 /Z 3 orbifold [16] . In this paper we study supersymmetric Matrix models on C 3 /Z 6 , C 2 /Z 2 and C 2 /Z 4 orbifold. We expect that supersymmetric Matrix models on one non-compact C i /Z n orbifold are limited in number. We show that Majorana condition restricts the possible supersymmetric Matrix model on non-compact orbifold.
IIA Matrix model
We treat nN D-particles. The action of the IIA Matrix model is written as
where I, J = 1, · · · , 9 label the Minkowski space-time indeces. Γ I is the 10 dimensional gamma matrices withΓ I = Γ 0 Γ I , g is the Yang-Mills coupling and D t is the covariant derivative defined by
The bosonic fields X I and the fermionic fields Θ are nN × nN hermitian matrices.
The fermionic fields Θ are given by the Majorana-Weyl fermions and have sixteen degrees of freedom on the mass shell. These fields depend on temporal dimension.
The diagonal parts of the bosonic fields X I have the classical fields; i.e. the coordinates. The other parts of the bosonic, fermionic and ghost fields have the fluctuating fields interacting between the nN-body D-particles. The supersymmetric trasformation of IIA Matrix model is described as follows:
ǫ is the supersymmetric transformation parameter of N = 1 SYM theory and ξ is the translation parameter of the fermions. This model has N = 2 SUSY.
IIA Matrix model on the C i /Z n Orbifold
It is convenient to use the complex notations for the orbifolded dimensions. The complex coodinates Z j is defined as follows:
where i = 2, 3, 4 in the case of imposing the orbifold for three complex spaces C 3 , i = 3, 4 for the two complex spaces C 2 and i = 4 for the one complex space C 1 . We keep the flat space-time coodinates at least as 4 dimensions, and take the orbifold spaces for the other dimensions. Let us impose a Z n symmetry about the complex coordinates Z j and obtain the Z n -orbifold. The complex coordinates Z j have a Z n symmetry under
where ω = e 2πi/n .
To impose the Z n symmetry on the nN × nN matrices, we use the 't Hooft matrices; U and V :
where the block matrices is N × N matrices. U and V satisfy UU
and then have a relation:
We start with the nN-body system of the D-particles in the complex space(s) Z j . And we divide the complex space(s) Z j into n equal parts. Under the Z n symmetry, N D-particles are distributed in a part and there are n mirror images in the complex space(s) Z j . Let us use a SO(nN) group V and impose the Z n invariance on the bosonic and fermionic fields as
where ω j = exp 2πi n j n ,
n j is an integer.ω represents the Z n symmetry for 10 dimensional Majorana-Weyl spinors on the mass shell. The 16 Majorana-Weyl spinors can be represented by using the raising and the lowering operator; b µ and b † µ . b µ are defined as follows:
The Gamma matrices Γ µ satisfy the Clifford algebra
The 16 Majorana-Weyl spinors on the mass shell are written as follows:
where i = 1, · · · , 4. The superscript a denotes the number of the supersymmetry; a = 1, 2. The ground state of the spinors is defined as follows:
where the first minus sign is fixed on the mass shell and the others can be turn into the plus sign using the raising operator b † i . We impose the Majonara condition:
where B = Γ 3 Γ 5 Γ 7 Γ 9 . From this condition, we obtain
IIA Matrix model on the special C i /Z n Orbifold
In this section, we treat the special C i /Z n orbifolded spaces where n j does not depend on the subscript j. In other words, the phases ω j are equal in the orbifolded complex spaces; n 2 = n 3 = n 4 for the C 3 /Z n orbifold, n 3 = n 4 for the C 2 /Z n orbifold and n 4 for the C 1 /Z n orbifold. From eq. (19), The combination ( n 2 n n 3 n , n 4 n ) is given as follows:
Using eqs. (10), (11) and (12), we can get the bosonic fields and the fermionic fields on the special C i /Z n orbifolds. We decompose the nN × nN matrices into the sum of the tensor products (N × N matrices) ⊗ (n × n matrices) and then we obtain
where H i andĤ i are N ×N hermitian matrices and A i , B i ,Â i andB i are arbitrary matrices. The degrees of freedom of N × N hermitian matrix is equal to N 2 , and the degrees of freedom of N × N arbitrary matrix is equal to 2N 2 . Therefore we can obtain the degrees of freedom of the bosonic fields and the fermionic fields for eq. (20). 
As we can see in the table 1, we find that the fermionic fields are twice the degrees of freedom of the bosonic fields, where m is an integer and m ≥ 1. Especially, we find that the fermionic fields Θ 1 in the flat spaces are twice the degrees of freedom of the bosonic fields X µ / / in the flat spaces and the fermionic fields Θ ω (Θ † ω ) in the orbifolded spaces are twice the degrees of freedom of the bosonic fields Z j (Z † j ). We find that the result in the table 1 implicitly may mean the exsistence of the supersymmetry. Therefore we will actually check whether the supersymmetry exists or not in the next subsection. However we notice that for the degrees of freedom of fermions in the case of c = −1 we find that Θ * 1 is equal to Θ 2πi/2 from eq. (49) and in table 4 in the appendix, and so we find that matrices Θ 2πi/2 have the same degrees of freedom as matrices Θ 1 . Namely we find that degrees of freedom of bosonic fields do not correspond to that of fermionic fields on the C 3 /Z 2 orbifolds using ( 1 2 , 1 2 , 1 2 ) and on the C 1 /Z 2 orbifolds using (1, 1, 1 2 ). Therefore we need to check the supersymmetry on the C 2 /Z 2 , C 2 /Z 4 and C 3 /Z 6 orbifolds except C 3 /Z 2 and C 1 /Z 2 orbifolds of eq. (20).
SUSY of IIA Matrix model on the special C i /Z n Orbifold
We confirm the existence of the supersymmetry on the C 2 /Z 2 , C 2 /Z 4 and C 3 /Z 6 orbifolds in the similarity as we checked on the C 3 /Z 3 orbifold [16] . The supercharge of IIA Matrix model in 10 dimensions is written as follows:
and
where a = 1, 2, i, j, k = 1, · · · , 4, ǫ ′ ≡ (ǫ 1 , ǫ 2 ) T ≡ (ǫ, ξ) T and ǫ ′ are sixteen Majorana-Weyl fermions on the mass shell, i.e., ǫ a[i] * |0 = 1 6 ǫ ijkl ǫ a[jkl] * |0 . There are not the bosonic fields in the second term on the right hand part of eq. (25), we can not verify the supersymmetric transformation. We then omit the second term of eq. (25):
Performing the trace with respect to n×n matrices, we obtaine the supercharge on the special C 2 /Z 2 , C 2 /Z 4 and C 3 /Z 6 orbifolds. The supercharges are given in eqs. (53), (54) and (55) in the appendix. From the result of the supercharges on C 2 /Z 2 , and C 2 /Z 4 and C 3 /Z 6 orbifolds in eqs. (53), (54) and (55) in the appendix, we find that supersymmetry exists. We especially point out that supersymmetric parameters as the standard Matrix model with respect to supercharges on C 2 /Z 2 and C 2 /Z 4 orbifolds have half as many supersymmetric parameters as that of IIA Matrix model on flat spaces in 10 dimendions. SUSY parameters are described as follows:
where m, n = 1, 2 and i, j = 3, 4. From (28) .
We similarly find that the supercharge on C 3 /Z 6 orbifold has the same number of supersymmetric parameters as IIA Matrix model on flat spaces in 10 dimensions. SUSY parameters are described as follows:
where i = 2, · · · , 4. The supersymmetric parameters on C 3 /Z 6 orbifold is equal to the supersymmetric parameters on C 3 /Z 3 orbifold [16] . Namely the bosonic fields X / / are transformed to fermionic fields Θ 1 , by SUSY transformation with the parameter ǫ [1] , while the bosonic fields Z i are transformed to the fermionic fields Θ ω by the SUSY transformatoin with the parameter ǫ [i] .
IIA Matrix model on a parity-like Z 2 Orbifold
Finally, we mention about another Z 2 orbifold, i.e. parity − like Z 2 orbif old. Due to N.Kim and S.J.Rey, the fields of IIA Matrix model on Z 2 orbifold is described as follows:
where P is a parity tranformation operator [12] . P has the same peculiarity to the parity-like Z 2 orbifold because the parity transformation operator is equal to the phase of Z 2 symmetry: 
Then the matrices X µ / / , X i ⊥ , Θ 1 and Θ ω are written as follows:
where H 1 , H 2 ,Ĥ 1 andĤ 2 are N × N hermitian matrices, S andŜ are N × N symmetric matrices and J andĴ are N × N anti-symmetric matrices. While, in the case of USp(2N) group the matrix M is defined as follows:
From the above we can obtain the degrees of freedom of the bosonic fields and the fermionic fields on the parity-like Z 2 orbifold. Then the degrees of freedom of the bosonic fields on C 1 /Z 2 and C 3 /Z 2 orbifolds is not equal to that of fermionic fields, and thus we can only treat C 2 /Z 2 orbifold. 
We simularly checke the supersymmetry of a parity-like C 2 /Z 2 orbifold and obtaine eq. (56) in the appendix. SUSY parameters on parity-like C 2 /Z 2 orbifold are described as follows:
where m, n = 1, 2 and i, j = 3, 4. This result on a parity-like C 2 /Z 2 orbifold is different from that on a normal C 2 /Z 2 orbifold. Namely this parity-like C 2 /Z 2 orbifold has N = 2 supersymmetry. The bosonic fields X µ / / are transformed to fermionic fields Θ 1 , by SUSY transformation with the parameter ǫ [m] , and are transformed to fermionic fields Θ ω , by SUSY transformation with the parameter ǫ [i] , while the bosonic fields X i ⊥ are transformed to the fermionic fields Θ 1 by the SUSY transformatoin with the parameter ǫ [i] , and are transformed to the fermionic fields Θ ω by the SUSY transformatoin with the parameter ǫ [m] . Therefore from the result of the SUSY parameters, i.e., ǫ [n] and ǫ [i] , this model on the parity-like C 2 /Z 2 orbifold can be considered as if it has N = 4 supersymmetry.
Conclusions
In this paper, we obtaine the supersymmetric Matrix models on some non-compact orbifolds, C 2 /Z 2 , C 2 /Z 4 , C 3 /Z 6 with a cyclic identification and C 2 /Z 4 with a parity-like identification. We consider that the bosonic and fermionic fields consisting of nN D-particles have the Z n symmetry, and the coordinates are represented by nN × nN matrices. The fields in 4 dimension are remained on the non-orbifolding space-time, and the fields in the rest dimension are imposed the Z n symmetry. Then, imposing the Majorana condition we treated with the special orbifolds space, i.e., C 2 /Z 2 , C 2 /Z 4 , C 3 /Z 3 and C 3 /Z 6 orbifolds with cyclic identifications. On these orbifolded spaces we find that the degrees of freedom of bosonic fields are equal to the degrees of freedom of fermionic fields. In detail calculating the supercharge of these orbifolds we find that N = 1 supersymmetry is given on C 2 /Z 2 and C 2 /Z 4 , and N = 2 sumersymmetry was given on C 3 /Z 6 the same as C 3 /Z 3 orbifold. The Matrix models on these orbifolds preserves N = 2 supersymmetry both in the orbifolded space and non-orbifolded space. While the Matrix model on the C 2 /Z 2 orbifold with parity-like identification preserves N = 2 supersymmetry both in the orbifolded space and non-orbifolded space, and furthermore has N = 4 supersymmetry parameters in the total space.
If the compactification of Matrix models on the supersymmetric orbifold spaces is demonstrated, we will be able to describe the 4d realistic model. In paticular when the model is located on the orbifold space, the space of torus divided by its discrete symmetry.
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Appendix Gamma matrices
Gamma matrices which belong to the Clifford algebra are defined as follows:
The gamma matrices in 10 dimensions are given as follows:
3 ),
where 1 (µ) are 2 × 2 a unit of matrices and σ i (i = 1, 2, 3) are Pauli matrices;
A complex conjugate matrix B is defined by Γ µ * ≡ BΓ µ B −1 and is written as follows:
where c is a phase which is satisfied (BB † = B † B = BB * = B * B =)|c| 2 = 1 by Majorana condition:
Spinors
Spinors in 10 dimensions are composed of raising and lowering operators of gamma matrices. The lowering operators is defined as
where j = 1, · · · , 4. The eigen state of spinors has all down spin states and is defined as follows:
Imposing the raising operator b † µ (µ = 0, · · · , 4) on eq. (45), the µ-th down spin state turns in the excited up spin state. From these states we can give type II 16
Majorana-Weyl fermions in 10 dimensions, and the 0-th down spin is fixed on the mass shell.
where |ψ are Majorana-Weyl spinors, i.e., ψ [1234] * |0 = ψ|0 and
Spinors on the Orbifolds
We impose the Z n symmetry for some complex spaces in 10 dimensions and then we represent spinors corresponding to the complex spaces.
where µ = 0, · · · , 4, n µ and n are the integer andα ′ is the operator for Z n orbifold. Imposing Majorana condition, we obtain a condition:
Because of c 2 = 1 (B 2 ψ = Bψ * = ψ), we find that n j /n in eq. (48) has the integer or half-integer. For orbifolded spinors in the flat space-time, we substitute eq. (46) into eq. (47) and show states of orbifolded spinors in table 4, 5, 6 and 7, where we write the rotated spinors for ω j as Θ ω j * . From the table 4, 5, 6 and 7, we find that spinors have the next relations:
Then we find that Z 2m+1 orbifolded spaces in the case of c = −1 do not exist, which can be understood from the left part of eq. (48).
Supercharge
The conjugate fields for the bosonic fields (X I ) ij and the fermionic feilds (Θ) ij in 10 dimensions are written as
We describe orbifolded spinor states as 8 a spinor states of IIA matrix model on the mass shell are devided in each phase, i.e. ω j by orbifolding the flat spaces. 
where m, n = 1, 2 and i, j = 3, 4. Supercharge on C 2 /Z 4 orbifold is written as follows: 
where m, n = 1, 2 and i, j = 3, 4.
Supercharge on C 2 /Z 6 orbifold is written as follows: 
where i, j, k, l = 1, 2, 3. Supercharge on a parity-like C 2 /Z 2 orbifold is written as follows: 
